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(57) Abstract: Devices are provided for closing
a puncture wound. In one exemplary embodiment,
a puncture closure device (10) is provided having
an elongate tubular body (12) that is disposable
through a puncture in tissue and that includes
proximal (12a) and distal (12b) portions. The
proximal portion can be adapted to expand to form
proximal wings (16a) upon rotation of the elongate
tubular body, preferably in a first direction. The
distal portion can be adapted to expand to form
distal wings (16b) upon rotation of the elongate
tubular body, preferably in a second, opposite
direction. The proximal and distal portions can also
be adapted to be moved toward one another as they
expand upon rotation. As a result, the proximal and
distal wings can cngage tissuc therebetween.
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WOUND CLOSURE DEVICES

FIELD OF THE INVENTION

[0001] The present invention relates to methods and devices for closing a vascular puncture

wound.
BACKGROUND OF THE INVENTION

[0002] Catheterization and interventional procedures, such as angioplasty or stenting, generally
are performed by inserting a hollow needle through a patient’s skin and intervening tissue into
the vascular system. A guidewire may then be passed through the needle lumen into the
patient’s blood vessel accessed by the needle. The needle may be removed, and the introducer
sheath may be advanced over the guidewire into the vessel e.g. in conjunction with or subsequent
to a dilator. A catheter or other device may then be advanced through a lumen of the introducer
sheath and over the guidewire into a position for performing a medical procedure. Thus, the
introducer sheath may facilitate introducing various devices into the vessel, while minimizing

trauma to the vessel wall and/or minimizing blood loss during a procedure.

[0003] Upon completing the procedure, the devices and introducer sheath may be removed,
leaving a puncture site in the vessel wall. External pressure may be applied to the puncture site
until clotting and wound sealing occur. This procedure however, may be time consuming and
expensive requiring as much as an hour of a physician or assistant’s time. It is also
uncomfortable for the patient and requires that the patient remain immobilized in the operating
room, catheter lab, or holding area. In addition a risk of a hematoma exists from bleeding before

hemostasis occurs.

[0004] Various apparatus have been suggested for percutaneously sealing a vascular puncture by
occluding the puncture site. One apparatus is a biodegradable plug that is delivered through an
introducer sheath into a puncture site. When deployed, the plug seals the vessel and provides
hemostasis. Such plugs, however, may be difficult to position properly with respect to the
vessel. Moreover, it is generally undesirable to expose the plugged material, e.g. collagen, to the
blood stream where it may float down stream and risk causing an embolism. Another technique
involves percutaneously suturing the puncture site. Percutaneous suturing devices, however,

may require significant skills by the user and may be mechanical complex and expensive to
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manufacture.

[0005] Other closure devices include surgical fasteners. One known surgical fastener includes
an annular base having legs that, in a relaxed state, extend in a direction substantially
perpendicular to a plane defined by the base and slightly inwards toward one another. During
use, the fastener is fit around the outside of a cannula, thereby deflecting the legs outward. The
cannula is placed in an incision, and the fastener is slid along the cannula until the legs pierce
into the blood vessel. When the cannula is withdrawn, the legs move towards one another and
back to the relaxed state to close the incision. Staples can also be used to close a wound or
incision. Staples, however, tend to have a large cross-sectional profile and therefore may not be

easy to deliver through a percutaneous site to close an opening in a vessel wall.

[0006] Accordingly, improved methods and devices for closing a vascular puncture wound are

needed.
SUMMARY OF THE INVENTION

[0007] The present invention generally provides methods and devices for closing a puncture
ound. In one exemplary embodiment, a puncture closure device is provided having an elongate
bular body that is disposable through a puncture in tissue and that includes proximal and distal

portions. The proximal portion can be adapted to expand to form proximal wings upon rotation

of part of the elongate tubular body, preferably in a first direction. The distal portion can be
adapted to expand to form distal wings upon rotation of part of the elongate tubular body,
preferably in a second, opposite direction. The proximal and distal portions can also be adapted
to be moved toward one another as they expand upon rotation. As a result, the proximal and

distal wings can engage tissue therebetween.

[0008] While the proximal and distal portions can have a variety of configurations, in one
exemplary embodiment the proximal and distal portions can each include a plurality of slits
formed therein and configured to allow portions of the elongate tubular body surrounding the
plurality of slits to expand to form the proximal and distal wings. In an exemplary embodiment,
the slits in the proximal portion extend in a first direction around a circumference of the elongate
tubular body, and the slits in the distal portion extend in a second opposite direction around the
circumference of the elongate tubular body. In another embodiment, the proximal wings can

extend in a plane that is substantially parallel to a plane in which the distal wings extend. The
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proximal and distal wings can also be spaced a distance apart from one another to allow tissue to

be engaged therebetween.

[0009] The device can also include an elongate shaft extending through and attached to a distal
end of the elongate tubular body. In an exemplary embodiment, the elongate shaft can include a
frangible portion configured to allow at least a proximal portion of the elongate shaft to be
broken away from a distal portion of the elongate shaft or from the elongate tubular body. The
device can also include an actuator coupled to the elongate tubular body and adapted to rotate at
least a portion of the elongate tubular body. In certain exemplary embodiments, the actuator can
be removably coupled to a proximal end of the elongate tubular body. In another exemplary
embodiment, the elongate tubular body can be formed from a deformable material and/or a

resorbable material.

[0010] A system for closing a puncture in tissue is also provided and includes an elongate
tubular body having proximal and distal portions with a plurality of slits formed therein. The
elongate tubular body can be adapted to extend outwardly between each of the plurality of slits
formed in the proximal and distal portions such that the proximal and distal portions are adapted
engage tissue therebetween. The elongate tubular body can also include a mid-portion formed
stween the proximal and distal portions and adapted to be positioned within a puncture hole
formed in tissue engaged between the proximal and distal portions. In one exemplary
embodiment, the slits in the proximal portion can extend in a first direction around a
circumference of the elongate tubular body, and the slits in the distal portion can extend in a
second opposite direction around the circumference of the elongate tubular body. The proximal
portion can thus be adapted to extend outwardly when rotated in a first direction, and the distal
portion can be adapted to extend outwardly when rotated in a second opposite direction. The
elongate tubular body can also include an elongate shaft extending therethrough and attached to a
distal end thereof. The elongate shaft can include a frangible portion configured to allow at least

a proximal portion of the elongate shaft to be broken away from a distal portion of the elongate

shaft.

[0011] The system can further include an actuator removably coupled to the elongate tubular
body and adapted to apply an axial and rotational force to the elongate tubular body to cause the

clongate tubular body to extend outwardly. In one exemplary embodiment, the actuator includes



WO 2007/088069 PCT/EP2007/000927

an outer shaft that is removably coupled to a proximal end of the elongate tubular body. The
outer shaft can include, for example, a protrusion formed therein and adapted to extend into a
corresponding groove formed on the proximal end of the elongate tubular body for removably
coupling the outer shaft to the elongate tubular body. The actuator can also include an elongate
shaft that extends through and couples to a distal end of the elongate tubular body. The outer
shaft can be rotatably disposed around the elongate shaft to allow the outer shaft to apply axial

and rotational forces to the elongate tubular body.

[0012] A method for closing a puncture in tissue is also provided and in one exemplary
embodiment the method can include inserting an elongate tubular body through a puncture in
tissue, for example by inserting the body through an introducer sheath that guides the elongate
tubular body through tissue. The sheath can optionally be predisposed within the puncture. The
proximal and distal portions of the elongate tubular body can then be rotated to expand the
proximal and distal portions such that tissue surrounding the puncture is engaged between the
expanded proximal and distal portions thereby sealing the puncture. In an exemplary
embodiment, prior to rotating the body, the proximal and distal portions of the elongate tubular

ydy are positioned through the puncture on a first side of the tissue. The body can be rotated

v, for example, rotating and expanding the distal portion, retracting the elongate tubular body
until the expanded distal portion engages tissue, and rotating and expanding the proximal
portion. The distal portion is preferably rotated and expanded before rotating and expanding the
proximal portion of the elongate tubular body. The proximal and distal portions can also
optionally be compressed as they are expanded and rotated. For example, the proximal and
distal portions can be advanced in a distal direction while rotating the proximal and distal
portions. In an exemplary embodiment, proximal and distal portions are rotated using an
actuator. The actuator can include an outer shaft that is rotated in a first direction to rotate and
expand the distal portion of the elongate tubular body, and that is rotated in a second opposite
direction to rotate and expand the proximal portion of the elongate tubular body. Preferably, the
outer shaft is rotated relative to an elongate shaft that is coupled to a distal end of the elongate
tubular body. The elongate shaft can optionally be broken away from the elongate tubular body
once the body is implanted. This can be achieved, for example, by rotating the elongate shaft. In
other embodiments, inserting the elongate tubular body can include guiding the elongate tubular

body along a guidewire predisposed within a lumen containing the puncture, and/or viewing
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blood flashback from a lumen containing the puncture to confirm that the elongate tubular body

has passed through the puncture.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The invention will be more fully understood from the following detailed description

taken in conjunction with the accompanying drawings, in which:

[0014] FIG. 1A is a perspective view of one exemplary embodiment of a closure device in an

initial, unformed configuration;
[0015] FiG. iB 1s a cross-sectional view of the closure device of FIG. 1A prior to deployment;

[0016] FIG. 1C is an end view of the closure device of FIG. 1A following deployment of the

distal wings;

[0017] FIG. 1D is an end view of the closure device of FIG. 1A following deployment of the

proximal wings;

[0018] FIG. 2A is a perspective view of one exemplary embodiment of an actuator for deploying

:losure device, showing the closure device of FIG. 1A coupled thereto;

019] FIG. 2B is a cross-sectional view of the closure device of FIG. 1A and an inner shaft of

the actuator of FIG. 2A;

[0020] FIG. 2C is a cross-sectional view of another embodiment of the closure device of FIG.

1A and an inner shaft of the actuator of FIG. 2A;

[0021] FIG. 2D is a perspective view of a portion of a former tube of the actuator of FIG. 2A
coupled to the closure device of FIG. 1A;

[0022] FIG. 2E is a cross-sectional view of another embodiment of a former tube for use with

the actuator device of FIG. 2A;

[0023] FIG. 2F is a cross-sectional view of yet another embodiment of a former tube for use with

the actuator device of FIG. 2A;

[0024] a sequence of steps for deploying the closure device to close a puncture in the wall of an

artery;

[0025] FIG. 3A is a cross-sectional view of the closure device of FIG. 1A and a portion of the
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actuator of FIG. 2A, showing the closure device deployed to close a puncture wound in the wall

of an artery;

[0026] FIG. 3B is a cross-sectional view of the closure device and a portion of the actuator of

FIG. 3A following retraction of a former tube of the actuator;

[0027] FIG. 3C is a cross-sectional view of the closure device and portion of the actuator of FIG.

4B, following detachment of an inner shaft of the actuator;

[0028] FIG. 4A is a cross-sectional view of the handle portion of the actuator of FIG. 2A;

o

{0029] FIG. 4B 1s a perspective view of a proximal portion of the actuator of FIG. 4A in an

initial, starting position;

[0030] FIG. 4C is a perspective view of the proximal portion of the actuator shown in FIG. 4B

following deployment of the distal wings of a closure device;

[0031] FIG. 4D is a perspective view of the proximal portion of the actuator shown in FIG. 4CB

following deployment of the proximal wings;

032] FIG. 5 is a partially cross-sectional view of one embodiment of access sheath disposed a

moral artery;

[0033] FIG. 6 is a partially cross-sectional view of the access sheath of FIG. 5 having a closure

device and actuator positioned therethrough;

[0034] FIG. 7 is a partially cross-sectional view of the access sheath, closure device, and

actuator of FIG. 6 with the closure device disposed within the femoral artery;

[0035] FIG. 8A is a partially cross-sectional view of the closure device of FIG. 7 following
deployment of the distal wings;

[0036] FIG. 8B is a perspective view of the actuator of FIG. 7 following deployment of the distal
wings;

[0037] FIG. 9 is a partially cross-sectional view of the closure device of FIG. 8A retracted to

engage the puncture hole;

[0038] FIG. 10A is a partially cross-sectional view of the closure device of FIG. 9 with the

proximal wings deployed to engage the puncture hole between the proximal and distal wings;
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and

[0039] FIG. 10B is a perspective view of the actuator of FIG. 8B following full deployment of

the proximal wings of the closure device.
DETAILED DESCRIPTION OF THE INVENTION

{0040] Certain exemplary embodiments will now be described to provide an overall
understanding of the principles of the structure, function, manufacture, and use of the devices
and methods disclosed herein. One or more examples of these embodiments are illustrated in the
accompanying drawings. Those of ordinary skill in ihe ari wili understand that the devices and
methods specifically described herein and illustrated in the accompanying drawings are non-
limiting exemplary embodiments and that the scope of the present invention is defined solely by
the claims. The features illustrated or described in connection with one exemplary embodiment
may be combined with the features of other embodiments. Such modifications and variations are

intended to be included within the scope of the present invention.

[0041] The present invention provides methods and devices for closing a puncture wound in
isue. In general, the closure device can be in the form of an elongate body that is adapted to be
ysitioned within a puncture, and that includes proximal and distal portions that are configured

to radially expand to engage tissue therebetween and thereby close the puncture. FIG. 1A

illustrates one exemplary embodiment of such a closure device 10. The device 10 is illustrated
in an initial, un-deployed configuration, and as shown the device 10 is in the form of a generally
elongate tubular body 12 with a closed or sealed distal end 10b and an open proximal end 10a.

The tubular body 12 can be formed from a variety of materials. In an exemplary embodiment,

the closure device is formed from a deformable material that undergoes plastic deformation (i.e.

deformation with negligible elastic component). Exemplary materials include, by way of non-

limiting example, any biocompatible and/or bioabsorbable materials, including, for example,
titanium (and titanium alloys), magnesium alloys, stainless steel, polymeric materials (synthetic
and/or natural), ceramic, etc. Materials which are not normally radiopaque e.g. Magnesium

Alloy, may be enhanced and made x-ray visible with the addition of x-ray visible materials, such

as particles of Iron Oxide, stainless steel, titanium, tantalum, platinum or any other suitable

equivalents. The elongate tubular body 12 can also be manufactured using various techniques.

For example, the body 12 can be formed from a piece of tubing, or it can be formed from sheet
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stock material. The developed surface of the final tubular shape may be stamped and folded into
position. Various joining processes such as welding, soldering, etc. may be used to join any

seams.

[0042] As indicated above, the device 10 can include one or more portions that expand to engage
tissue therebetween and thereby close a puncture. In the embodiment shown in FIG. 1A, the
device includes proximal and distal portions 12a, 12b that are configured to expand to engage
tissue therebetween. While various techniques can be used to allow the proximal and distal
portions 12a, 12b to expand, in an exemplary embodiment the proximal and distal portions 12a,
12b each include a plurality of slits 14a, 14b formed therein and configured to allow portions of
the elongate tubular body 12 between the plurality of slits 14a, 14b to radially expand, as will be
discussed below. A mid-portion 13 of the tubular body 12, located between the proximal and
distal portions 12a, 12b, can be non-expanding and may vary in length. The mid-portion 13 is
configured to be positioned within a puncture hole, and thus it can have a length that corresponds
to a thickness of the tissue wall. Alternatively, the mid-portion 13 can be configured to expand
outward. Openings in the form of holes and slots may be located in the wall of the elongate body

: at the mid-portion 13.

_ 043] The slits 14a, 14b in the proximal and distal portions 12a, 12b can extend in any direction
and each portion 12a, 12b can include any number of slits. Preferably the slits 14a, 14b are
configured such that certain portions of the elongate tubular body 12 between the slits will
extend outward away from a central axis 4 of the tubular body 12 when the body 12 is axially
compressed, and preferably rotated as well. As a result, one or more wings will form in each of
the proximal and distal portions 12a, 12b to engage tissue therebetween. In an exemplary
embodiment, as shown in FIG. 1A, the slits 14a, 14b in the proximal and distal portions 12a, 12b
are curved and extend transverse to a central axis A4 of the elongate tubular body 12 such that
they at least partially extend around the elongate tubular body 12. More preferably, the slits 14a
in the proximal portion 12a extend in a first direction around a circumference of the elongate
tubular body 12 and the slits 14b in the distal portion 12b extend in a second opposite direction
around the circumference of the elongate tubular body 12. Such a configuration allows the
tubular body 12 to be rotated in a first direction to cause only one of the proximal and distal
portions 12a, 12b to radially expand, and then to be rotated in a second direction to cause the

other one of the proximal and distal portions 12a, 12b to radially expand. A person skilled in the
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art will appreciate that the slits 14a, 14b can have a variety of other shapes and sizes, and that
they can extend in various directions, such as helical or parallel to the central axis 4 of the
tubular body. The slits 14a, 14b can also include additional curved slits extending from each end
of the main slits 14a, 14b to ensure that the end profile of the wings is aligned close to the main
body 12 of the closure device 10 following deployment. This can help to ensure a fluid tight
seal. These curved end slits can also narrow the width of the tubing section between slits thus

encouraging the wings to bend outward at this point.

[0044] FIGS. 1B-1C show distal end views of the closure device 10 in its pre-deployed
configuration, following partial deployment, and following full deployment, respectively. In the
pre-deployed configuration, as shown in FIG. 1B, the elongate tubular body 12 has a diameter
that is configured to fit within a puncture hole in a vessel, and that is also preferably configured
to fit within an introducer sheath for guiding the device 10 to a puncture site, as will be discussed
in more detail below. FIG. 1C illustrates the distal portion 12b radially expanded to form distal
wings 16b, and FIG. 1D illustrates the proximal portion 12a radially expanded to form proximal
wings 16a. The wings 16a, 16b are formed by the material between the slits 14a, 14b, which is

formed outward as the elongate tubular body 12 is compressed and preferably rotated. In the

ustrated embodiment, the slits 14a, 14b are configured such that the proximal and distal
portions 12a, 12b each include three wings 16a, 16b, however the proximal and distal portions
12a, 12b can include any number of wings 16a, 16b. The size and shape of the wings 16a, 16b
can also vary depending on the location and length of the slits 14a, 14b. In an exemplary
embodiment, the size and shape of the wings 16a, 16b is maximized to maximize the contact area
between the wings 16a, 16b and the tissue surrounding the puncture hole within which the device
10 is deployed. As shown in FIGS. 1C and 1D, the wings 16a, 16b are substantially ovular and
have a generally planar configuration such that the wings 16a, 16b extend substantially parallel
to one another. The proximal and distal wings 16a, 16b can also be configured to be offset from
one another, as shown in FIG. 1D, to further maximize the contact area around the puncture hole.
The proximal and distal wings 16a, 16b are also preferably configured to be positioned a distance
apart from one another. The length of the mid-portion 13 is determinative of the distance

between the wings 16a, 16b.

[0045] The wings 16a, 16b and/or other portions of the closure device 10 can also optionally

include extensions or protrusions which are configured to puncture the engaged tissue. For



WO 2007/088069 PCT/EP2007/000927
10

example, each wing 16a, 16b can include one or more tissue-penetrating protrusions formed
thereon. The extensions or protrusions can better facilitate anchoring of the closure device 10 at
a puncture site, and they can also be used to facilitate closure of the puncture. During
deployment, as will be discussed in more detail below, the extensions or protrusions can
puncture the tissue around the puncture wound, and upon rotation of the wings 16a, 16b will

twist this tissue in a spiral motion causing it to compress around the puncture and seal the hole.

[0046] As indicated above, the wings 16a, 16b on the closure device 10 can be formed by
compressing and preferably rotating the closure device 10. While various techniques can be
used to deploy and actuate the closure device 10, in one exemplary embodiment the closure
device 10 is removably coupled to an actuator that is adapted to apply an axial and rotational
force to the elongate tubular body 12 to cause the elongate tubular body 12 to extend outwardly.
FIGS. 2A illustrates one exemplary embodiment of an actuator 20 for deploying the closure
device 10. In general, the actuator 20 includes a proximal portion in the form of a handle 22, and
an clongate shaft extending distally from the handle 22 and having a distal end that is removably
coupled to the closure device 10. The elongate shaft preferably includes an outer shaft 24,
reafter referred to as a former 24, that is effective to apply axial and/or rotational forces to the
osure device 10, and an inner shaft 26 (shown in FIGS. 2B and 2C) that mates to the closure
device 10 and that is effective to hold a portion of the closure device 10 in a fixed position while
axial and/or rotational forces are being applied to the closure device 10 to allow the closure
device 10 to be deformed, as will be discussed in more detail below. While not shown, the
actuator 20 can also include an over sleeve that is attached to the former 24 at its distal end. The

sleeve can help prevent separation of the closure device 10 from the actuator 20.

[0047] The inner shaft 26 can be coupled to the closure device 10 at a variety of locations and
using a variety of techniques. In an exemplary embodiment, the inner shaft 26 is removably
coupled to the closure device 10, and more preferably it is frangibly coupled to the closure
device 10 to allow at least a portion of the inner shaft 26 to be detached and separated from the
closure device 10 after the device is deployed. FIG. 2B illustrates one exemplary embodiment of
an inner shaft 26 that is frangibly coupled to the closure device 10 at a frangible portion 28. As
shown, the inner shaft 26 extends through the closure device 10 and attaches to the closed distal
end 10b of the closure device 10. An adhesive or any other mating technique can be used to

attach the distal end of the inner shaft 26 to the distal end 10b of the closure device 10. The
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frangible portion 28 of the shaft 26 is configured such that it will break when a force is applied
thereto. The frangible portion 28 can be formed at any location on the shaft 26, for example, the
distal-most end of the shaft 26 can be configured to break away from the distal end 10b of the
closure device 10. Alternatively, as shown in FIG. 2B, the frangible portion 28 can be located a
distance away from the distal end 10b of the closure device 10, such that a portion of the inner
shaft 26 will remain attached to the closure device 10, and the remainder of the inner shaft 26
can be separated from the closure device 10. The frangible portion 28 can be formed using
various techniques known in the art. For example, the inner shaft 26 can include a thinned or
weakened region. This can be achieved by reducing the amount of material at that region, or by
scoring or otherwise removing some of the material used to form the inner shaft 26. In use, the
frangible portion 28 can be broken by applying a force, such as a rotational or axial force, to the
inner shaft 26. In other embodiments, the inner shaft 26 can be attached to the closure device 10
using a threaded attachment. During use, the inner shaft 26 can be rotated relative to the closure
device 10 so as to unscrew the inner shaft 26 from the closure device 10. Once detached, the
inner shaft 26 is removed from the patient leaving the closure device 10 in position at the
incture site. A person skilled in the art will appreciate that a variety of mating techniques can

: used, including, for example, an interference fit, a mechanical interlock, etc.

[0048] In another embodiment, as shown in FIG. 2C, the inner shaft 26' can include a reduced
diameter region 27' formed distal of the frangible portion 28'. The reduced diameter region 27' is
preferably configured to be aligned with the mid-portion 13' of the closure device 10' when the
closure device 10' is fully deployed. As further shown in FIG. 2C, the closure device 10' can
include one or more holes or openings 11' formed in the sidewalls thereof at the mid-portion 13'
of the device 10". In use, the reduced diameter region 27' will be positioned within the puncture
wound adjacent to the holes 11'. This will allow blood to enter through the holes 11' to initiate

tissue growth, during and following resorption of the closure device 10",

[0049] As previously indicated, the actuator 20 also includes an outer shaft or former 24 that is
disposed around the inner shaft 26 and that is effective to apply axially and/or rotational forces to
the closure device 10 to deploy the closure device 10. The former 24 can have a variety of
configurations, but it is preferably adapted to couple to a proximal end 10a of the closure device
10. While various techniques can be used to couple to the closure device 10, FIG. 2D illustrates

one exemplary technique. As shown, the former 24 includes one or more protrusions 24a that
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extend into one or more complementary grooves or cut-outs 15 formed in the proximal end of the

closure device 10.

[0050] The former 24 can also be configured to provide maximum flexibility during clinical use.
While the former 24 can merely be formed form a flexible material, in other embodiments the
former 24 can include one or more flexible regions formed therecon. FIGS. 2E and 2F show
exemplary embodiments of flexible regions. In the embodiment shown in FIG. 2E, the tube
includes an interrupted slotted pattern 30. In the embodiment shown in FIG. 2F, the tube
includes a spiral slit or interrupted spiral slit 32 cut through the wall of the tube. Such
configurations provide flexibility along the length of the former, but can also ensure that an axial
and/or rotational force applied to one end of the former will be transmitted along the length of

the former to the other end.

[0051] FIGS. 3A-3B illustrate a distal portion of the former 24 and inner shaft 26 of the actuator
20 in use with the closure device 10 positioned within a puncture wound and fully deployed to
close the puncture. In FIG. 3 A, the protrusions 24a on the former 24 are positioned within the
rorresponding cut-outs 15 formed in the proximal end of the closure device 10, such that the
rmer 24 is mated to the closure device 10. The former 24 can thus be rotated relative to the
ner shaft 26, to thereby rotate the proximal and distal portions of the closure device 10 to form
proximal and distal wings that engage tissue therebetween, as shown. Following deployment of
the closure device 10, the actuator must be disconnected and removed from the patient. FIG. 3B
illustrates the former 24 retracted relative to the closure device 10 in order to expose the
frangible portion 28 formed on the inner shaft 26. Once exposed, a force can be applied to the
inner shaft 26 to break the frangible portion 28, and thereby separate the proximal portion of the
shaft 26 from the distal portion of the shaft, which remains coupled to the closure device 10, as

shown in FIG. 3C.

[0052] In order to effect rotation of the former tube 24 relative to the inner shaft 26, the handle
22 of the actuator 20 can optionally include an actuation mechanism formed thereon. In an
exemplary embodiment, as shown in FIGS. 4A-4D, the handle 22 includes an outer collar 36
rotatably disposed therearound and having guide tracks 38 formed therein. The outer collar 36
can be coupled to proximal portion of the former 24 such that rotation of the collar 36 is effective

to rotate the former 24. The proximal end of the inner shaft 26 can also include an inner collar
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37 that is attached to the inner shaft 26, and that includes pin 40 formed thereon or extending
therefrom. The pin 40 extends through and is positioned within the guide tracks 38. Since the
position of the pin 40 is fixed due to the inner shaft 26 being fixed, movement of the outer collar
36, and thus the former 24, is governed by the configuration of the guide tracks 38 which can
move relative to the fixed pin 40. As a result, the guide tracks 38 can be used to control the axial

and rotational forces applied to the closure device 10 coupled to the distal end of the former 24.

[0053] As shown in FIGS. 4B-4D, the guide tracks 38 can have a configuration that allows the
collar 36 to rotate in a first direction, e.g., counter clockwise, to deploy the distal wings of the
closure device. In particular, as the outer collar 36 is rotated counter clockwise, the former tube
24 will rotate in a counter-clockwise direction, thereby rotating the proximal end of the closure
device 10 to expand the distal wings of the closure device. As previously discussed, since the
slits in the proximal and distal portions preferably extend in opposition directions, rotation of the
closure device in a first direction will only deploy the distal wings. Once the outer collar 36 is
fully rotated, the guide tracks 38 can allow distal movement of the outer collar 36, while the
guide pin 40 remains in a fixed position at all times, thus allowing the outer collar 36 to be
vanced distally. As a result, the former tube 24 will apply compressive forces on the closure

wvice, thereby causing the distal wings to collapse into a substantially planar configuration.

[0054] The guide tracks 38 can then allow the outer collar 36 to rotate in an opposite direction,
e.g., a clockwise direction, to cause the former tube 24 to rotate clockwise. As the former tube
24 rotates clockwise, the proximal wings will expand. Once the outer collar 36 is fully rotated,
the guide tracks 38 can allow distal movement of the outer collar 36 therein, thus allowing the
outer collar 36 to be advanced distally. As a result, the former tube 24 will apply compressive
forces on the closure device, thereby causing the proximal wings to collapse into a substantially
planar configuration. The guide tracks 38 can include a track portion that allows the outer collar
36 to be moved proximally, as shown in FIG. 4C, to allow the former 24 to be retracted relative

to the closure device 10, thereby exposing the frangible portion on the inner shaft.

[0055] A person skilled in the art will appreciate that the guide tracks 38 can have a variety of
other configurations. For example, rather than allowing rotation, and then distal movement, the
guide tracks 38 can extend at an angle around the handle 22 to allow rotational and compressive

forces to be simultaneously applied to the closure device. A person skill in the art will appreciate
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that a variety of other techniques can be used to actuate the former 24 to deploy the closure

device.

[0056] The present invention also provides exemplary methods for closing a puncture wound.
While various devices can be used to effect the method, FIGS. 5-9 illustrate an exemplary
method for closing a puncture wound using the closure device 10 of FIG. 1A and the actuator 20
of FIG. 2A. During therapeutic or diagnostic procedures, an access sheath is commonly placed
within the vessel, e.g., the femoral artery, to facilitate delivery of catheters into the vascular
system. The access sheath 50, as illustrated in FIG. 5, typically includes a hub 52 at its proximal
end incorporating a valve to prevent blood leakage. However, the valve can be configured to
facilitate entry of components into the sheath 50 and onward into the puncture wound or
vasculature. Prior to delivery of the closure device, the access sheath 50 is advanced fully into
the puncture wound P until the hub 52 is in contact with the patient’s skin. The former 24 of the
actuator 20 is then advanced through the access sheath hub 52 and onward through the sheath 50,
as shown in FIG. 6. In an exemplary embodiment, the former tube 24 can include a marker
formed thereon that can be aligned with the proximal most end of the hub 52 on the access

eath 50 so as to retain the closure device 10 within the access sheath 50 and thereby prevent

wuma to the wall of the vessel. While holding the actuator in position, the access sheath 50 can
be pulled back along the former 24 until it contacts the handle 22 on the actuator 20, as shown in
FIG. 7. The closure device 10 is now exposed within the lumen of the vessel and is ready for

deployment.

[0057] Alternatively, a side hole may be positioned in the wall of the closure device 10 or in the
wall at the distal end of the former tube 24. This hole can open into a tubular channel leading to
the actuator handle 22. As the actuator 20 is advanced through the sheath 50, the side hole is not
in contact with blood flow. Once the closure device 10 and/or the distal end of the former 24
exits the sheath 50 into the femoral artery, blood will enter the side hole and advance through the
channel to exit at the actuator handle 22. This will signal to the user that the closure device 10 is
now in the blood lumen, and no further advancing is required and the device 10 is ready for

deployment.

[0058] In other embodiments, the device 10 may be delivered to the artery lumen over a

guidewire. The proximal end of the guidewire, which extends from the patient, can be inserted
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into an opening at the distal tip of the closure device 10. It can extend through the shaft and
handle 22 of the actuator 20, or in other embodiments it can exit through a side hole located

either in the closure device 10 or at the distal end of the former tube 24.

[0059] Once the closure device 10 is positioned to be deployed, the outer collar 36 on the handle
22 of the actuator 20 can be rotated in a first, e.g., counter-clockwise as shown in FIG. 8B, to
cause the distal portion of the closure device 10 to expand away from the central axis. A
compressive force can simultaneously or subsequently be applied to the closure device 10 to
cause the expanded portions of the closure device 10 to collapse, and thereby form distal wings

16b, as shown in FIG. 8A.

[0060] Following deployment of the distal wings 16b, the actuator 20 and access sheath 50 can
be retracted from the patient until tension is felt indicating the correct position of the distal wings
16b at the internal surface of the puncture site, as shown in FIG. 9. The proximal wings can now
be deployed in order to complete the closure of the puncture hole P. This is achieved by rotating
the actuator outer collar 36 in an opposite direction, e.g., a clockwise direction, as shown in FIG.
10B. This in turn causes the former tube 24 to rotate the proximal end of the closure device 10

a clockwise direction causing the proximal portion of the closure device 10 to expand

itward. The former tube 24 can be simultaneously or subsequently advanced distally causing
the expanded portions of the closure device 10 to collapse and form proximal wings 16a, as
shown in FIG. 10A. As a result, the proximal and distal wings 16a, 16b engage the tissue
surrounding the puncture P therebetween. The closure device 10 is now completely deployed

and the puncture hole P sealed. The actuator 20 can be removed as previously discussed.

[0061] One skilled in the art will appreciate further features and advantages of the invention
based on the above-described embodiments. Accordingly, the invention is not to be limited by
what has been particularly shown and described, except as indicated by the appended claims. All
publications and references cited herein are expressly incorporated herein by reference in their

entirety.

[0062] What is claimed is:
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CLAIMS:

1. A puncture closure device, comprising:

an elongate tubular body disposable through a puncture in tissue and having proximal and
distal portions, the proximal portion being adapted to expand to form proximal wings upon
rotation of the elongate tubular body in a first direction, and the distal portion being adapted to
expand to form distal wings upon rotation of the elongate tubular body in a second direction
opposite to the first direction, whereby the proximal and distal wings are adapted to engage

tissue therebetween.

2. The puncture closure device of claim 1, wherein the proximal and distal portions are

adapted to be moved toward one another as they expand upon rotation.

3. The puncture closure device of claim 1, wherein the proximal and distal portions each
include a plurality of slits formed therein and configured to allow portions of the elongate tubular

body surrounding the plurality of slits to expand to form the proximal and distal wings.

The puncture closure device of claim 3, wherein the plurality of slits in the proximal
wtion extend in a first direction around a circumference of the elongate tubular body, and the
plurality of slits in the distal portion extend in a second opposite direction around the

circumference of the elongate tubular body.

5. The puncture closure device of claim 1, further comprising an elongate shaft extending

through and attached to a distal end of the elongate tubular body.

6. The puncture closure device of claim 5, wherein the elongate shaft includes a frangible
portion configured to allow at least a proximal portion of the elongate shaft to be broken away

from a distal portion of the elongate shaft.

7. The puncture closure device of claim 1, further comprising an actuator coupled to the

elongate tubular body and adapted to rotate at least a portion of the elongate tubular body.

8. The puncture closure device of claim 7, wherein the actuator is removably coupled to a

proximal end of the elongate tubular body.
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9. The puncture closure device of claim 1, wherein the proximal wings extend in a plane

that is substantially parallel to a plane in which the distal wings extend.

10. The puncture closure device of claim 1, wherein the proximal and distal wings are spaced

a distance apart from one another.

11. The puncture closure device of claim 1, wherein the elongate tubular body is formed

from a deformable material.

12.  The puncture closure device of claim 1, wherein the elongate tubular body is foiimed

from a resorbable material.

13. A system for closing a puncture in tissue, comprising;:
an elongate tubular body having proximal and distal portions with a plurality of slits
formed therein, the elongate tubular body being adapted to extend outwardly between each of the
plurality of slits formed in the proximal and distal portions such that the proximal and distal
portions are adapted to engage tissue therebetween; and
an actuator removably coupled to the elongate tubular body and adapted to apply an axial
1d rotational force to the elongate tubular body to cause the elongate tubular body to extend

outwardly.

14. The system of claim 13, further comprising a mid-portion formed between the proximal
and distal portions and adapted to be positioned within a puncture hole formed in tissue engaged

between the proximal and distal portions.

15. The system of claim 13, wherein a plurality of slits in the proximal portion extend in a
first direction around a circumference of the elongate tubular body, and a plurality of slits in the
distal portion extend in a second opposite direction around the circumference of the elongate

tubular body.

16. The system of claim 13, wherein the proximal portion is adapted to extend outwardly
when rotated in a first direction, and the distal portion is adapted to extend outwardly when

rotated in a second opposite direction.

17. The system of claim 13, wherein the actuator includes an elongate shaft extending



WO 2007/088069 PCT/EP2007/000927
18

therethrough and attached to a distal end of the elongate tubular body.

18. The system of claim 17, wherein the elongate shaft includes a frangible portion
configured to allow at least a proximal portion of the elongate shaft to be broken away from a

distal portion of the elongate shaft.

19. The system of claim 18, wherein the actuator includes an outer shaft removably coupled
to a proximal end of the elongate tubular body, the outer shaft being rotatable relative to the

elongate shaft.

20. The system of claim 19, wherein the outer shaft includes a protrusion formed thereon and
adapted to extend into a corresponding groove formed on the proximal end of the elongate

tubular body for removably coupling the outer shaft to the elongate tubular body.

21. The system of claim 13, wherein the proximal and distal portions form proximal and

distal wings when the proximal and distal portions are extended outwardly.

. The system of claim 21, wherein the proximal wings extend in a plane that is

ibstantially parallel to a plane in which the distal wings extend.

23. The system of claim 21, wherein the proximal and distal wings are spaced a distance

apart from one another.

24. The system of claim 13, wherein the elongate tubular body is formed from a deformable

material.

25. The system of claim 13, wherein the elongate tubular body is formed from a resorbable

material.

26. The system of claim 25, wherein at least a portion of the actuation coupled to the

elongate tubular body is formed from a resorbable material.

27. A method for closing a puncture in tissue, comprising:
inserting an elongate tubular body through a puncture in tissue; and

rotating proximal and distal portions of the elongate tubular body to expand the proximal
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and distal portions such that tissue surrounding the puncture is engaged between the expanded

proximal and distal portions thereby sealing the puncture.

28. The method of claim 27, wherein the elongate tubular body is inserted through an
introducer sheath that guides the elongate tubular body through tissue.

29. The method of claim 27, wherein, prior to rotating, the proximal and distal portions of the

elongate tubular body are positioned through the puncture on a first side of the tissue.

20, The met laim 29, whercin rotating comipiises rotating and cxpanding the distai
portion, retracting the elongate tubular body until the expanded distal portion engages tissue, and

rotating and expanding the proximal portion.

31. The method of claim 30, wherein the proximal and distal portions are compressed as they

are expanded and rotated.

32. The method of claim 27, wherein the distal portion of the elongate tubular body is rotated

id expanded prior to rotating and expanding the proximal portion of the elongate tubular body.

. The method of claim 27, wherein the proximal and distal portions each include a plurality

of wings that engage tissue when the proximal and distal portions are expanded.

34. The method of claim 27, further comprising advancing the proximal and distal portions in

a distal direction while rotating the proximal and distal portions.

35. The method of claim 27, wherein the elongate tubular body is inserted through a sheath

pre-disposed within the puncture.

36. The method of claim 27, wherein the proximal and distal portions are rotated using an
actuator.
37. The method of claim 36, wherein the actuator includes an outer shaft that is rotated in a

first direction to rotate and expand the distal portion of the elongate tubular body, and that is
rotated in a second opposite direction to rotate and expand the proximal portion of the elongate

tubular body.
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38. The method of claim 37, wherein the outer shaft is rotated relative to an elongate shaft

that is coupled to a distal end of the elongate tubular body.

39. The method of claim 38, further comprising breaking the elongate shaft away from the
elongate tubular body.

40. The method of claim 38, further comprising rotating the elongate shaft to break the
elongate shaft away from the elongate tubular body.

41. The method of claim 27, wherein inserting further comprises viewing biood flashback
from a lumen containing the puncture to confirm that the elongate tubular body has passed

through the puncture.

42. The method of claim 27, wherein inserting further comprises guiding the elongate tubular

body along a guidewire predisposed within a lumen containing the puncture.



WO 2007/088069 PCT/EP2007/000927
1/14

Fre. 14




WO 2007/088069

F16. 1D

Fi6. 1C

Fre. 1B

10
4
Wolo

[\0

{\D

2/14

Vo,

loa ’K

1S

12

1F1

6

Wb

164

\lbo,

PCT/EP2007/000927



WO 2007/088069 PCT/EP2007/000927
3/14

Fi1G. 24




WO 2007/088069 PCT/EP2007/000927
4/14

FrGc. 2B

Fi1B. 2C




WO 2007/088069 PCT/EP2007/000927

5/14
FiG. 2D
24
IS 244
" 10q
\O
FiIG. 2E FIG. 2F

. 22
U ' [ ./,‘/
%meum% f*’-’ TT 7 ,/4



WO 2007/088069 PCT/EP2007/000927

6/14
]
T
o N :
R =3 “ N
8 B v

FIG. 3B

N
N
L L 7 7 7 7 L L7 7

FI1G. 34
N
\ A




PCT/EP2007/000927

WO 2007/088069

7/14

"\

///WI// AR W |

9t

m/////////,

ANNNRNRRNN

VY o1

14



WO 2007/088069

Fre. 4D

FIG, 4C

FIG. 4B

8/14

38

\

24

PCT/EP2007/000927



PCT/EP2007/000927

WO 2007/088069

9/14

~

§ 01



WO 2007/088069 PCT/EP2007/000927
10/14

FIG. 6




WO 2007/088069 PCT/EP2007/000927
11/14

Fi16, 7




WO 2007/088069 PCT/EP2007/000927
12/14

FIG. 8B

Frc. 84

™




WO 2007/088069 PCT/EP2007/000927
13/14

FI1G. 9




PCT/EP2007/000927

WO 2007/088069

14/14

z

[4

oh

q01 914

VoI S14



INTERNATIONAL SEARCH REPORT

Internatlonal application No

PCT/EP2007,/000927

A. CLASSIFIGATION OF SUBJECT MATTER
INV. Ae61B17/00

According 1o International Patent Classification {IPC) or 1o both national classification and PG

8. FIELDS SEARCHED

Winimum dosumentation searched {classification system followed by classificaiion symbols)

A61B

Documentaton searched other than minimum documentation to the exient That such documents are included in the fields searched

EPQO-Internal

‘Electronic data base consulted during the international search (name of data base and, where pract

ical, search terms used)

€. DOCUMENTS CONSIDERED TQ BE RELEVANT

Calegory™ | Citation of document, with Indication, where appropriate, of the relevant passages

Relevant io claim No.

X WO 01/49185 A (PFM PRODUKTE FUER DIE
MEDIZIN [DE]; FREUDENTHAL FRANZ [DEJ;
SIEGNER GE) 12 July 2001 (2001-07-12)
page 4, lines 29-32

page 5, lines 34,3b

page 6, lines 15—-20

page 14, lines 17-24

page 17, lines 5-14

claims 6,8

X Us 2005/043759 A1l (CHANDUSZKO ANDRZEJ J
[US]) 24 February 2005 (2005-02-24)

figures 2a-2d,6a-6e,lla-1llc
paragraphs [0043], [00451], [0D49],
[0054], [00601, [0073], [0080]
claims 3,33,36

e

1-5,
9-16,
21-24

7-15,17,
21-26

Further documents are listed in the continuation of Box G. See patent family annex.

+ Special categories of cited documents :

*A* docurient defining the general state of the art which is not
considered to be of particular relevance

"E' earlier document but published on or afterthe international "we
filing dale

invention

which is cited to establish the publication date of another e
ditation or other special reason (as specified)

*T* later document published after the international filing date
or priority date and not in confiict with the application but
clted to understand the principle or theory undatlying the

document of particular relevance; the clalmed invention
cannot be considered novel or cannot be considerad to

..* document which may throw doubts on priority claim(s) or involve an inventive step when the documeant is taken alone

document of paricular relevance; the claimed invention
cannot be considered o involve an inventive step when the

European Paleni Office, P.B. 5818 Patentiaan 2
NL — 2280 HV Rijswijk
Tel. (+31~70) 340-2040, Tx. 31 651 epo nl,

*O* document referring to an oral disclosure, use, exhibition or document Is combined with one or more other such docu—~
ather means ments, such combination being obvious to a person skilled
*P* document published prior to the international flling date but inthe art
later than the priorily date claimed *3* document member of the same patent family
Data of the actual complation of the international search Date of mailing of the international search report
11 April 2007 19/04/2007
Narme and malling address of the ISA/ Authorized officer

Fax: (+31-70) 340-3016 Louka, Maria

Form PCTASA/?10 (sacend sheet) (April 2006)




INTERNATIONAL SEARCH REPORT

International application Mo

PCT/EP2007/000927

C{Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

1 May 2003 (2003-05-01)
paragraph [00421; figures 4,10

Gategory* | Gitation of document, with indication, where appropriate, of the relevant passages Retevant to claim No.
X US 6 312 446 B1 (HUEBSCH JOSEPH [US] ET 1-3,5,
AL) 6 November 2001 (2001-11-06) 7-11,13,
14,17,
19-24
column 6, lines 43-53; figures
5b,11-14,18,19,23
column 7, lines 38-50
A Us 20057273124 Al (CHANDUSZKO ANDRZEJ J 1,6,13,
[US]) 8 December 2005 (2005-12-08) 18
paragraphs [0018], [0020] - [0022]
claim 1
figures 1,4
P,X US 2006/265004 Al (CALLAGHAN DAVID J [US] 1-3,5,
ET AL) 23 November 2006 (2006-11-23) 7-14,16,
17,19,
21-26
paragraphs [0031] — [0033], [0044]
figures 5-8
A US 6 183 496 Bl (URBANSKI JEFFREY [UST) 14
6 February 2001 (2001-02-06)
figures 1-5
column 5, Tines 15-51
A WO 03/034927 A (SPIRATION INC [UST; 1,6,13,
RIMBAUGH JENNI [US]; DEVORE LAURI J [US]) 18

Form PCT/SA/210 (continuation of second sheat) (April 2005)




Internationat application No.

INTERNATIONAL SEARCH REPORT PCT/EP2007/000927

Box Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This International Search Report has not baen established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Noa.: 27-42

because they relate to subject matter not required to be searched by thls Authority, namely:

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
surgery

2, D Claims Nos.:

becauss they relate to parts of the International Application thai do not comply with the prescribed regulrements to such
an extent that no meaningful Intarmnationat Search can be carried out, specifically:

3. ]:l Claims Nos.:

because they are dependent claims and are not drafted in accardance with the second and third sentences of Rule 6.4(a).

Box Il Observations where unity of invention is lacking (Confinuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

2. D As all searchable claims could be searched without effort justifying an additional fes, this Authority did not invite payment
of any additional fes.

3. D As only some of the required additional search fees were timely paid by the applicant, this International Searck Report
covers only those claims for which fees were pald, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted fo the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest.

D No protest accompaniad the payment of additional search fees.

Form PCT/.8A/210 (continuation of first sheet (2)) (January 2004)




INTERNATIONAL SEARCH REPORT

Information en patent family membears

Intemnational application No

PCT/EP2007/000927
Patent document Publication Patent family Publication
cited In search report date member(s) cate
WO 0149185 A 12-07-2001 AU 2512901 A 16-07-2001
DE 10000137 Al 12-07-2001
EP 1246570 Al 09-10-2002
us 2003171774 Al 11-09-2003
us 2006235463 Al 19-10-2006
Us 2005043759 Al 24-02-2005 US 2007010851 Al 11-01-2007
US 6312446 Bl 06-11-2001 NONE
Us 2005273124 Al 08-12-2005  NONE
US 2006265004 Al 23-11-2006 NONE
US 6183496 B1 06-02-2001 us 6261309 Bl 17-07-2001
WO 03034927 A 01-05-2003 CA 2464332 Al 01-05-2003
EP 1437971 Al 21-07-2004
JP 2005506869 T 10-03-2005
us 2003083671 Al 01-05-2003
us 2003183235 Al 02-10-2003

Form PCT/ISA/210 (patent family annex) (April 2005)




	2010-08-25 Foreign Reference

